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Title 

WOBBLE CLtD&J^^NERATOR AND DRIVING METHOD THEREOF 
Background of Invention 
1. Field of the Invention 



The present invention relates in general to a wobble clock 
generator and a related driving method, and more particularly , 
10 to a wobble clock generator and a related driving method having 
a protective mechanism capable of avoiding interference 
generated from a phase-modulated wobble signal. 



2 . Description of the Prior Art 

15 

Over the past f ewyears , storage media have rapidly increased 
in storage capacity due to demand for storing a tremendous 
amount of information. Of all the various kinds of storage 
media, optical discs have features of a low-cost, small-size, 

20 low-error-rate, long-storage-time, and high-density storage 
medium and is the most promising dominant storage medium in 
the future. Generally speaking, optical disc drives are used 
to read information stored on an optical disc. Examples of 
optical disc drives are known as compact disc drives (CD-ROM 

25 drives) and digital versatile disc drives (DVD-ROM drives) 
in the prior art. Some optical disc drives have the additional 
capability of being able to write data onto an optical disc, 
i.e., CD-R/RW, DVD+R/RW and DVD-R/RW drivers. Optical disc 
drives are used in music and video playback and are implemented 

30 in recording devices and other electronic devices . 



In order to effectively manage the information stored on 
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a digital versatile disc , the data storage region of the digital 
versatile disc is divided into many frames . Data can be stored 
in these frames according to a memory format* Therefore, while 
in a writing process for a rewritable digital versatile disc, 
5 the DVD drive has to identify the memory format of the rewritable 
digital versatile disc before the writing process. In order 
to record the related information concerning the memory frames , 
there are special addressing structures on the rewritable 
digital versatile disc to record the related information. 
10 According to the specifications of a recordable or a rewritable 
digital versatile disc, the related information recorded in 
the addressing structures is known as the address in pre-groove 
(ADIP) . 

15 Please refer to Fig. 1. Fig. 1 is a schematic diagram 

showing a reading process on a reflecting surface of an 
optical disc by an optical pickup 31 . On the reflecting surface 
of the optical disc, there is a fine spiral track 11 as is 
shown in Fig. 1. The fine track 11 is composed of two types 

20 of tracks, one being a data track 2 6 to record data, and the 
other being a wobble track 28 to record related addressing 
information of each frame. 

As illustrated in the magnified view of Fig. 1, the data 
25 track 2 6 has an interrupt and discontinuity record mark 30, 
and the wobble track 2 8 has an oscillating shape. The surface 
of the wobble track 28 protrudes beyond the reflecting surface 
of the optical disc. The data track 26 is located inside a 
groove formed by the raised wobble track 2 8 as is shown in 
30 Fig. 1. The length of each record mark 30 varies, and the 
reflection characteristic of the record mark 30 is different 
from that of the other reflecting surface of the optical disc. 
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The optical pickup 31 comprises an optical receiver (not 
shown) for reading the data from the record mark 30 within 
the data track 26, and four optical sensors Sa, Sb, Sc, and 
5 Sd to extract tracking information from the wobble track 28. 
The positions of the sensors Sa and Sd in Fig. 1 are located 
on the groove area of the fine track 11 on the reflecting surface 
of the optical disc. However, the positions of the sensors 
Sb and Sc in Fig. 1 are located on the protruded area of the 
10 fine track 11. 

As the optical disc rotates, the optical pickup 31 can be 
thought of as moving over the fine track 11 of the optical 
disc along the direction of arrow 32. The reflected laser beam 

15 intensities detected by the four sensors Sa, Sb, Sc, and Sd 
are different because of the difference in reflecting quality 
between the groove and the protruded area of the wobble track 
28. As the optical pickup 31 moves along a straight path from 
the position shown to a position PI, the sensing values of 

20 the four sensors Sa, Sb, Sc, and Sd change. In other words, 
while the optical pickup 31 is located at the position PI, 
the positions of the sensors Sa and Sd are changed to be located 
on the protruded area of the fine track 11 and the positions 
of the sensors Sb and Sb are changed to be located on the groove 

25 area of the fine track 11. 

By performing some well-known subtracting processes over 
the electrical sensing values of the four sensors Sa, Sb, Sc, 
andSd, a wobble signal can be generated. Thereafter, the wobble 
30 signal can be utilized to generate an address in pre-groove 
(ADIP) through a decoding process. 
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It is well-known that the information of the ADIP is recorded 
in the wobble signal by a phase modulation technique, which 
means that the information is recorded according to the phase 
shift of a carrier. Every pair of record areas on an optical 
5 disc corresponds to 93 wobble periods, and 8 wobble periods 
of them are utilized to record an ADIP by phase modulation. 

As aforementioned, since the ADIP is recorded in the wobble 
signal by phase modulation, an ADIP decoder is required for 

10 the disc drive to extract the ADIP from an optical disc. Please 
refer to Fig. 2. Fig. 2 shows a functional block diagram of 
a prior art analog ADIP decoder 40. The ADIP decoder 40 comprises 
a delay circuit 42, a mixer 44, a phase-locked loop (PLL) 46, 
a frequency divider 48, and an XOR operation logic circuit 

15 50. 

First of all, the functional operation of the analog ADIP 
decoder is processed based on the following trigonometric 
expression. 

20 Sin( . )*Cos( . ) = -Sin(2. ) eq. (1) 

2 

Wherein Sin( . ) is used to describe the waveform of a wobble 
signal and Cos(.) is used to described the waveform of the 
other signal. 

25 Therefore, if a phase shift of 180° of the wobble signal 

occurs, which means the corresponding waveform of the wobble 
signal becomes Sin(.+180°), another signal with a waveform 
of 0.5* Sin (2. +360°) is generated according to eq. (1). The 
waveform function 0.5* Sin (2. +360°) is actually equal to 0.5* 

30 Sin(2.). In other words, a non-phase-modulated wobble clock 
can be generated by a phase-modulated wobble signal. After 
the wobble clock is generated, the ADIP decoder is able to 
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extract the ADIP based on the wobble signal in conjunction 
with the wobble clock. 

As is shown in Fig. 2, the signal SI is a wobble signal. 
5 A signal S2 is generated by performing a quarter period delay 
process on the signal SI by the delayed circuit 42 , which causes 
a phase difference of 90° between the signal SI and the signal 
S2 . If the waveform of the signal SI corresponds to Sin(.), 
the corresponding waveform of the signal S2 becomes Sin( .+90° ) 

10 which is actually equal to Cos ( . ) . Thereafter , the signal SI 
is multiplied by the signal S2 through the mixer 44 to generate 
a signal S3. As aforementioned, the waveform of the signal 
S3 then corresponds to the function 0.5* Sin(2.), which means 
the frequency of the signal S3 is twice as high as the frequency 

15 of the signal SI . With the help of the signal S3 , the phase-locked 
loop 46 is able to generate a signal S4 which is synchronized 
with the signal S3 . The waveform of the signal S4 also corresponds 
to the function Sin(2.). Next, the frequency divider 48 
generates a signal S5 with half the frequency of the signal 

20 S4. 

Since the signal S5 is a non-phase-modulated wobble clock 
and the signal SI is a phase-modulated wobble signal, after 
an XOR operation is performed on the signal SI and the signal 
25 S5 by the XOR operation logic circuit 50, an ADIP is extracted 
from the signal SI. 

Because there is no analog differentiator to convert Sin ( . ) 
precisely into Cos(.), the delay circuit 42 is utilized to 
30 perform the conversion. However, if the rotating speed of the 
optical disc keeps changing, the frequency of the signal SI 
also changes accordingly. Therefore, the delay circuit 42 is 
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required to adjust the delay parameters according to the 
changing periods of the signal SI. Based on the functional 
demands described above , the delay circuit 42 becomes 
complicated and is hard to implement. 

5 

Please refer to Fig. 3. Fig. 3 shows a functional block 
diagram of a prior art digital ADIP decoder 60 . The ADIP decoder 
60 comprises an analog-to-digital converter (ADC) 62, a 
differentiator 64 , amultiplier 66 , aPLL68, a frequency divider 
10 70, and an XOR operation logic circuit 72. In a similar way 
described before , based on the eq . ( 1 ) , the digital ADIP decoder 
60 is able to generate a wobble clock from a wobble signal 
and extract an ADIP from the wobble signal. 

15 Because the signal SI is an analog wobble signal , the 

analog-to-digital converter 62 is required to convert the 
analog signal SI into a digital signal S2 for further digital 
signal processing. The differentiator 64 generates a signal 
S3 by performing a differentiating process on the signal S2 . 

20 In other words , if the analog signal SI corresponds to a function 
Sin( . ) , then the digital signal S2 should be a digital signal 
corresponding to the same function Sin ( . ) and the digital signal 
S3 should be a digital signal corresponding to the function 
Cos(.). Thereafter , the digital signal S2 is multiplied by 

25 the digital signal S3 through the multiplier 66 to generate 
a digital signal S4. 

According to the eq. ( 1 ) , the digital signal S4 corresponds 
to the function 0.5*Sin(2. ) , which means the frequency of the 
30 digital signal S4 is twice as high as the frequency of the 
digital signal S2 . With the aid of the digital signal S4, the 
phase-locked loop 68 is able to generate a digital signal S5 



6 



which is synchronized with the digital signal S4 . Consequently , 
the digital signal S5 also corresponds to the function Sin (2 . ) . 
Thereafter , the frequency divider 70 generates a digital signal 
S6 with half the frequency of the digital signal S5. 

5 

Since the digital signal S6 corresponds to a 
non-phase-modulated wobble clock waveform and the digital 
signal S2 corresponds to a phase-modulated wobble signal , after 
an XOR operation is performed on the digital signal S2 and 
10 the digital signal S6 by the XOR operation logic circuit 72 , 
an ADIP is extracted from the signal S2 . 

As aforementioned , the operation of the digital ADIP decoder 
60 requires an analog-to-digital conversion and a digital 

15 differentiating process , which means the demand for ultra high 
speed operation of the circuits must be achieved to be integrated 
into a high-performance DVD drive. Furthermore, in order to 
achieve high resolution in the analog-to-digital converting 
process, higher bits per sampling signal data is another 

20 stringent requirement of the digital ADIP decoder 60 for a 
high-performance DVD drive. Again, because of the stringent 
requirements described above, the digital ADIP decoder 60 is 
actually a complicated and high-cost circuit for a 
high-performance DVD drive. 

25 

Summary of Invention 

It is therefore a primary objective of the claimed invention 
to provide a wobble clock generator with a protective mechanism 
30 capable of avoiding interference generated from a 
phase-modulated wobble signal using a cost-effective and labor 
saving circuit design to solve the above-mentioned problem 
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of the prior art wobble clock generator. 

According to a preferred embodiment of the claimed 
invention , the wobble clock generator comprises an 
5 arithmetic/logic circuit and a phase-locked loop. The 
arithmetic/logic circuit is capable of calculating a period 
count value by counting a period of a wobble signal according 
to a reference clock, and is capable of comparing an average 
value with the period count value for outputting a control 

10 signal. The phase-locked loop is electrically connected to 
the arithmetic /logic circuit for generating a wobble clock 
according to the control signal and the wobble signal. When 
the control signal corresponds to a first logic level , the 
phase-locked loop compares the wobble signal with the wobble 

15 clock to drive the wobble clock to be synchronized with the 
wobble signal. When the control signal corresponds to a second 
logic level, the phase-locked loop holds the wobble signal 
without driving the wobble clock to be synchronized with the 
wobble signal. 

20 

According to a preferred method of the claimed invention, 
a non-phase-modulated wobble clock is generated according to 
a phase-modulated wobble signal. The method for generating 
the wobble clock comprises calculating a period count value 

25 by counting a period of a wobble signal according to a reference 
clock, comparing an average value with the period count value 
for outputting a control signal, generating a wobble clock 
according to the control signal and the wobble signal , comparing 
the wobble signal with the wobble clock to drive the wobble 

30 clock to be synchronized with the wobble signal when the control 
signal corresponds to a first logic level, and holding the 
wobble signal without driving the wobble clock to be 
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synchronized with the wobble signal when the control signal 
corresponds to a second logic level. 

As a result , whatever the drifting of the phase-modulated 
5 wobble signal , the wobble clock generator of the claimed 
invention is able to generate the non-phase-modulated wobble 
clock dynamically according to the phase-modulated wobble 
signal. Besides, the circuit design of the wobble clock 
generator of the claimed invention is relatively simple and 
10 easy to implement, which means the wobble clock generator is 
a cost-effective circuit for any DVD+R disc drive or DVD+RW 
disc drive. 

These and other objectives of the claimed invention will 
15 no doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the 
preferred embodiment that is illustrated in the various figures 
and drawings . 

20 Brief Description of Drawings 

Fig. 1 is a schematic diagram showing a reading process 
on a reflecting surface of an optical disc by an optical 
pickup. 

Fig. 2 is a functional block diagram of a prior art analog 
25 ADIP decoder. 

Fig. 3 is a functional block diagram of a prior art digital 
ADIP decoder. 

Fig. 4 is a functional block diagram of a wobble clock generator 
according to one preferred embodiment of the claimed 
30 invention . 

Fig. 5 is a diagram of schematic waveforms of the signal S2 , 
the period count value PRD, and the average value AVGPRD. 
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Fig. 6 is a diagram of schematic waveforms of the period count 
value PRD, the average value AVGPRD, and the control signal 
PRDNC1. 

Fig. 7 is a functional block diagram of an optical disc access 
5 system according to one preferred embodiment of the claimed 

invention . 

Detailed Description 

10 Please refer to Fig. 4. Fig. 4 shows a functional block 

diagram of a wobble clock generator 80 according to one preferred 
embodiment of the claimed invention. The wobble clock generator 
80 comprises a band-pass filter (BPF) 82 , a slicer 84 , an 
arithmetic/logic circuit 86 , and a phase-locked loop (PLL) 

15 88 . The arithmetic/logic circuit 86 comprises a reference clock 
generator 90, a counter 92 , a mean operation unit 94 , and a 
comparator 96. The phase-locked loop 88 comprises a 
phase-frequency detector (PFD) 98 , a loop filter 100, a 
voltage-controlled oscillator (VCO) 102, and a slicer 104. 

20 The wobble clock generator 80 can be applied to a DVD+R disc 
drive or a DVD+RW disc drive. According to the specifications 
of a DVD+R disc drive or a DVD+RW disc drive , the ADIP is recorded 
in the corresponding phase-modulated wobble signal. For that 
reason, a non-phase-modulated wobble clock is required to 

25 decode the ADIP. Consequently, the wobble clock generator 80 
is utilized to generate the non-phase-modulated wobble clock 
S3 from the phase-modulated wobble signal SO as is shown in 
Fig. 4. According to the preferred embodiment, the quality 
factor (Q factor) of the band-pass filter 82 is required to 

30 be high enough to process a sharp band-pass filtering of SO 
and generate a signal SI. Furthermore, in the process of the 
preferred embodiment performed by the band-pass filter 82 on 
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the phase-modulated period of the wobble signal SO, a phase 
lag and a frequency drifting phenomena occur on the signal 
SI. After the signal SI is generated, the slicer 84 is utilized 
to convert the signal SI having a sinusoidal waveform into 
5 a signal S2 having a square waveform. The signal S2 output 
from the slicer 84 is then forwarded to both the arithmetic /logic 
circuit 86 and the phase-locked loop 88. 

Concerning the circuit operation of the phase-locked loop 

10 88, the phase-frequency detector 98 compares the frequency 
and phase differences between the signal S2 and the signal 
S4 and outputs a control signal UP and a control signal DN. 
When the control signal UP and the control signal DN is forwarded 
to the loop filter 100, the loop filter 100 is able to generate 

15 a DC control voltage Vc for the voltage-controlled oscillator 
102 according to the control signal UP and the control signal 
DN. Traditionally, there are charge pump circuits incorporated 
in the loop filter 100 to alter the DC control voltage Vc. 
In other words, with the aid of the charge pump circuits, the 

20 loop filter 100 is able to increase the DC control voltage 
Vc while receiving the control signal UP and to decrease the 
DC control voltage Vc while receiving the control signal DN. 
Besides, the loop filter 100 normally comprises a low-pass 
filter to stabilize the DC control voltage. Thereafter, the 

25 voltage-controlled oscillator 102 is capable of generating 
a signal S3 according to the DC control voltage Vc . Furthermore , 
the slicer 104 performs a waveform slicing process to convert 
the signal S3 having a sinusoidal waveform into a signal S4 
having a square waveform. The signal S4 having a square waveform 

30 is then fed back to the phase-frequency detector 98. As is 
described above, the phase-locked loop 8 8 is able to correct 
the frequency and phase errors through a feedback mechanism 
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until the signal S4 is in phase with the signal S2 . 

For instance , if a rising edge of the signal S4 occurs before 
a corresponding rising edge of the signal S2 , the 
5 phase-frequency detector 98 is triggered to generate a control 
signal DN to decrease the DC control voltage Vc by the loop 
filter 100 , which in turn will decrease the frequency of the 
signal S3 and delay the occurrence of the rising edge of the 
signal S4. Thereby, a correcting process for the signal S4 having 

10 a phase leading over the signal S2 proceeds until the rising 
edges of the signal S4 and the signal S2 occur simultaneously. 
On the contrary, if a rising edge of the signal S4 occurs after 
a corresponding rising edge of the signal S2, the 
phase-frequency detector 98 is triggered to generate a control 

15 signal UP to increase the DC control voltage Vc with the loop 
filter 100, which in turn will increase the frequency of the 
signal S3 and advance the occurrence of the rising edge of the 
signal S4. Thereby, a correcting process for the signal S4 having 
a phase lagging over the signal S2 proceeds until the rising 

20 edges of the signal S4 and the signal S2 occur simultaneously. 
However, during the correcting process of S4, the phase 
relationship between the signal S4 and the signal S2 may switch 
between a leading and a lagging, consequently a feedback 
mechanism based on the two aforementioned correcting processes 

25 is utilized to correct the phase and frequency of the signal 
S4 at any moment. 

When the signal S4 and the signal S2 are in phase, which 
means the rising edges of the signal S4 and the signal S2 occur 
30 simultaneously to trigger the phase-frequency detector 98 to 
generate both the control signal UP and the control signal 
DN, the triggered durations of the control signal UP and the 
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control signal DN are the same and the DC control voltage Vc 
of the phase-locked loop 88 remains unchanged for holding the 
signal S3. 

5 According to the well-known specifications of the DVD+R 

optical drive and the DVD+RW optical drive, the information 
of an ADIP is recorded in the wobble signal. An ADIP unit 
corresponds to 93 wobble periods and 8 wobble periods of them 
are utilized to record an ADIP sync unit or an ADIP data unit 

10 by phase modulation. The other 85 wobble periods are not phase 
modulated to record any information. In other words, the 8 
phase-modulated wobble periods are able to pose some effect 
on the signal S2 and the frequency of the signal S2 becomes 
unstable. If the phase-locked loop 88 controls the frequency 

15 and phase of the signal S3 based on the signal S2 having an 
unstable frequency, the frequency of the signal S3 generated 
is also unstable. For instance, when the phase-locked loop 
85 has finished the operation over the signal S3 for holding 
the signal S3 having correct phase and correct frequency in 

20 the duration of the 85 non-phase-modulated wobble periods and 
proceeds to perform a decoding process over the signal SI, 
the input of the subsequently 8 phase-modulated wobble periods 
to the wobble clock generator 80 is able to cause an error 
operation of the phase-locked loop 88 and which in turn will 

25 bias the frequency and phase of the signal S3 from the desired 
values. Under such circumstance, the wobble clock generator 
80 is not able to output a stable signal S3 persistently. More 
to the point, if both the frequency and phase of the signal 
S3 drift significantly from the desired values, a longer 

30 duration for the phase-locked loop 88 to relock the desired 
signal S3 is required. Accordingly, the performance of the 
phase-locked loop 88 degrades. 
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Therefore, the purpose of the arithmetic /logic circuit 86 
according to the claimed invention is to provide a protective 
mechanism capable of avoiding the process of driving the signal 
5 S3 to be synchronized with the signal S2 while receiving an 
unstable signal S2 in the corresponding phase-modulating 
duration. The reference clock generator 90 is utilized to 
generate a reference clock CLK having a predetermined frequency , 
for example 33MHz. 

10 

The counter 92 is utilized to calculate a period count value 
PRD through counting the rising or falling edge triggering 
times of the counter 92 by the reference clock CLK within one 
period of the signal S2 . In other words , the counter 92 is 

15 used to evaluate the number of periods of the reference clock 
CLK corresponding to one period of the signal S2 . By this means , 
the counter 92 is able to determine the duration of one period 
of the signal S2 by the period count value PRD . The mean operation 
unit 94 receives a plurality of the consecutive period count 

20 values PRD corresponding to the signal S2 from the counter 
92 and calculates an average value AVGPRD based on the plurality 
of the consecutive period count values PRD. For instance, the 
mean operation unit 94 may calculate an average value AVGPRD 
based on every 16 consecutive period count values PRD. The 

25 period count value PRD generated by the counter 92 is then 
forwarded to both the mean operation unit 94 and the comparator 
96. 

The comparator 96 according to the preferred embodiment 
30 is employed to compare the period count value PRD with the 
average value AVGPRD and determines whether the signal S2 is 
in a frequency-unstable state , which means whether the 
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phase-modulated period is forwarded to the wobble clock 
generator 80. Based on the comparison between the period count 
value PRD and the average value AVGPRD, the comparator 96 
generates a control signal PRDNC1 and forwards the control 
5 signal PRDNC1 to the phase-frequency detector 98 . If the signal 
S2 is in a frequency-unstable state , the control signal PRDNC1 
is able to prohibit the phase-frequency detector 98 from 
outputting the control signals UP and DN. Thereafter, since 
neither of the control signal UP and DN are received by the 
10 loop filter 100, the DC control voltage Vc is held unchanged, 
which causes the voltage-controlled oscillator 102 to hold 
the signal S3. As a result, the phase-locked loop 88 is not 
going to drive the signal S3 to be synchronized with the signal 
S2 under frequency-unstable circumstances of the signal S2 . 

15 

Based on the above description, when the phase-modulated 
periods of the signal SO are forwarded to the wobble clock 
generator 80 and frequency-unstable circumstances of the signal 
S2 occur, the arithmetic/logic circuit 86 of the preferred 

20 embodiment is able to output a control signal PRDNC1 to prohibit 
the phase-locked loop 88 from driving the signal S3 to be 
synchronized with the signal S2 . The situation proceeds until 
the non-phase-modulated periods of the signal SO are forwarded 
to the wobble clock generator 80 and frequency-stable 

25 circumstances of the signal S2 occur. As the 
non-phase-modulated periods of the signal SO are forwarded 
to the wobble clock generator 80, the arithmetic/logic circuit 
86 resets the control signal PRDNC1 so that the phase-frequency 
detector 98 is able to output the control signals UP and DN 

30 to the loop filter 100 and the phase-locked loop 88 is able 
to drive the signal S3 to be synchronized with the signal S2 . 
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Please refer to Fig. 5. Fig. 5 is a diagram of schematic 
waveforms of the signal S2, the period count value PRD, and 
the average value AVGPRD, which are actually the operating 
clock waveforms related to the counter 92 and the mean operation 
5 unit 94. As aforementioned, the signal SI is generated by the 
band-pass filter 82 from the wobble signal SO pickup through 
an optical disc. Furthermore, the slicer 84 converts the signal 
SI having a sinusoidal waveform into the signal S2 having a 
square waveform. As the phase-modulated periods of the signal 
10 SO are processed by the band-pass filter 82 having a high quality 
factor, frequency-unstable circumstances of the signal S2 may 
occur. 

As is shown in Fig. 5, after the time Tl, due to the effect 
15 of the phase-modulated periods of the signal SO, the frequency 
of the signal S2 becomes unstable. Furthermore, the counter 
92 calculates the corresponding period count value PRD with 
the aid of the reference clock CLK of reference clock generator 
90 within one period of the signal S2 . Generally, the frequency 
20 of the reference clock CLK is required to be higher than the 
average frequency of the signal S2 so as to calculate the 
corresponding period count value PRD for each period of the 
signal S2 . For instance, according to the preferred embodiment, 
the reference clock CLK having a frequency of 33MHz or 26 . 16MHz 
25 is used to calculate the corresponding period count value PRD 
for each period of the signal S2 having an average frequency 
of about 817.5KHZ. 

As the operation of the arithmetic /logic circuit 86 is 
30 initiated, there is no counting value for the period count 
value PRD and the mean operation unit 94 is required to set 
an initial value, 0 for example, to the average value AVGPRD. 



16 



In addition, when the comparator 96 receives an average value 
AVGPRD which corresponds to the initial value, the comparator 
96 will cease the comparison process for the period count value 
PRD and the average value AVGPRD. 



According to the preferred embodiment of the claimed 
invention, after the counter 92 completes counting the initial 
64 period count values PRD corresponding to 64 periods of the 
signal S2, the mean operation unit 94 is able to calculate 

10 an initial average value AVGPRD, which is Ml in Fig. 5, by 
averaging the initial 64 period count values PRD, which is 
shown in Fig. 5 for a plurality of the period count values 
PRD ranging from Nl to N64. The initial calculating process 
for the initial average value AVGPRD on the mean operation 

15 unit 94 can be expressed by the following formula: 



Thereafter, when the counter 92 has finished counting another 
16 period count values PRD corresponding to the subsequent 

20 16 periods of the signal S2 after the time Tl , the mean operation 
unit 94 will calculate another average value AVGPRD, which 
is M2 in Fig. 5, by averaging the subsequent 16 period count 
values PRD after the time Tl, which is shown in Fig. 5 for 
a plurality of the period count values PRD ranging from N65 

25 to N80. Thereby, a normal calculating process for the average 
value AVGPRD on the mean operation unit 94 is then expressed 
by the following formula: 



5 



64 




80 




30 



In the same way, after the time T2 , every time the counter 
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92 has finished another 16 period count values PRD corresponding 
to another 16 periods of the signal S2, the mean operation unit 
94 will calculate another average value AVGPRD based on the 
preceding 16 period count values PRD. 

5 

In order to work out an initial average value Ml which is 
close to the normal average value M2 corresponding to the 
non-phase-modulated periods of the signal S2 , more period count 
values PRD, 64 for example, are used by the mean operation unit 

10 94 to calculate the initial average value Ml. Therefore, 
according to the preferred embodiment of the claimed invention, 
as aforementioned, the initial counting process of the average 
value AVGPRD is different from the normal counting process of 
the average value AVGPRD, which reduces the effect caused by 

15 the phase-modulated periods of the signal S2 as is described 
before. For instance, there are 93 wobble periods corresponding 
to an ADIP unit, and 8 wobble periods of them are phase modulated 
to record the information of an ADIP and the other 85 wobble 
periods are not phase modulated. As aforementioned, the mean 

20 operation unit 93 calculates the initial average value Ml based 
on 64 period count values corresponding to 64 wobble periods 
of the signal S2 . If the 8 phase-modulated wobble periods are 
included in the 64 wobble periods, the 8 period count values 
corresponding to the 8 phase-modulated wobble periods will bias 

25 the calculation of the mean operation unit 94, which causes 
the initial average value to deviate from the normal average 
value. However, there are still 56 period count values 
corresponding to the 56 non-phase-modulated wobble periods, 
which is able to reduce the effect of the 8 phase-modulated 

30 wobble periods and drive the initial average value to be close 
to the normal value . In other words , the deviation of the initial 
average value generated according to the preferred embodiment 
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from the normal average value is not significant. 

Based on the calculating process described above , as the 
mean operation unit 94 calculates the initial average value 
5 Ml with more period count values, the comparator 96 is able 
to determine whether there is any corresponding phase-modulated 
period enclosed in the following 16 periods of the signal S2 
with the aid of the desired initial average value Ml . Similarly , 
after the time Tl , every time the counter 92 has finished another 

10 16 period count values PRD corresponding to another 16 periods 
of the signal S2, the mean operation unit 94 will calculate 
another average value AVGPRD based on the preceding 16 period 
count values PRD . If there are 8 period count values PRD 
corresponding to the phase-modulated wobble periods of the 

15 signal S2 enclosed in the preceding 16 period count values PRD, 
the 8 period count values PRD corresponding to the 8 
phase-modulated wobble periods of the signal S2 are capable 
of driving the average value to deviate from the normal average 
value. However, there are still 8 period count values 

20 corresponding to the 8 non-phase-modulated wobble periods, 
which is able to reduce the effect of the 8 phase-modulated 
wobble periods and drive the average value to be close to the 
normal value. Therefore, after the average operation over the 
16 period count values PRD, the average value Ml is not going 

25 to deviate from the normal average value significantly. Please 
note that the numbers of the period count values utilized to 
calculate the average values according to the above-mentioned 
embodiment are only given as examples and should not be taken 
as a limitation . 

30 

Please refer to Fig. 6. Fig. 6 is a diagram of schematic 
waveforms of the period count value PRD, the average value 
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AVGPRD, and the control signal PRDNC1, which are actually the 
operating clock waveforms related to the comparator 96 shown 
in Fig. 4. While generating the wobble signal by reading the 
information of the wobble track on an optical disc, owing to 
5 the variation of the rotating speed of the spindle motor of 
the disc drive or any vibration caused by the disc eccentricity, 
the variation of the generated wobble signal occurs. Thereby, 
the mean operation unit 94 is required to compare the current 
period count value PRD with the preceding average value AVGPRD 

10 and calculate the difference between the current period count 
value PRD with the preceding average value AVGPRD . Furthermore , 
the mean operation unit 94 is able to determine whether the 
difference is larger than a critical value, which actually 
involves determining whether the current period count value 

15 PRD is under the effect of a phase-modulated wobble period. 

For instance, the critical value can be set to a quarter 
or an eighth of the preceding average value AVGPRD. Thus, if 
the difference is larger than a quarter or an eighth of the 
20 AVGPRD, the comparator 96 will output a control signal PRDNC1 
to prohibit the phase-frequency detector 9 8 from outputting 
the control signals UP and DN. 

For the sake of clarity, the signals of the period count 
25 value PRD and the average value AVGPRD in Fig. 6 are shown 
in a series of decimal numbers, and the critical value is 
predetermined to an eighth of the preceding average value AVGPRD . 
Therefore, the difference between the period count value PRD 
and the average value AVGPRD is less than the critical value 
30 during the time ranging from Tl to T2 , and the control signal 
PRDN1 is not triggered and holds a low level signal. Furthermore, 
the mean operation unit 94 recalculates an average value AVGPRD, 
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which equals 28 shown in Fig. 6, and the critical value is 
reset to be 4 at a time T2 . However , during the time ranging 
from Tl to T2 , the period count value PRD generated by the 
counter 92 equals 38 , and the current difference between the 
5 period count value PRD and the average value AVGPRD exceeds 
the critical value. Thereby, after a comparing process 
performed by the comparator 96 over the period count value 
PRD and the average value AVGPRD at a time T3, the comparator 
96 is triggered to switch the control signal PRDNC1 from a 
10 low level signal to a high level signal, which causes the 
phase-frequency detector 98 to stop outputting the control 
signals UP and DN at the same time. 

In general, as the band-pass filter 8 4 receives the 

15 phase-modulated periods of the signal SO, the frequency of 
the signal SI becomes unstable. Although there are only 8 
phase-modulated periods enclosed in each 93 periods of the 
signal SO, as the following 85 non-phase-modulated periods 
of the signal SO are processed by the band-pass filter 82, 

20 the frequency of the signal SI is still unstable for some time 
due to the operation characteristics of the band-pass filter 
82. In other words, the duration of the unstable situation 
is actually longer than the expected duration of the 8 
phase-modulated periods of the signal SO and is hard to predict . 

25 Consequently, as the frequency of the signal SI is unstable 
due to the signal processing of the signal SO by the band-pass 
filter 82, the period count value PRD generated by the counter 
92 corresponding to a period of the signal S2 may still be 
close to the average value AVGPRD. Under such circumstance, 

30 the recovery of the frequency-stable situation misjudged by 
the comparator 96 may reset the control signal PRDNC1 from 
the high level signal to the low level signal and drive the 
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signal S3 to be synchronized with the signal S2 under 
frequency-unstable circumstances of the signal S2 . 

As a result, based on the unwanted situations described 
5 above, the comparator 96 according to the claimed invention 
resets the control signal PRDNC1 from the high level signal 
to the low level signal only when the differences between a 
plurality of consecutive period count values PRD and the average 
value AVGPRD are all less than a predetermined critical value. 
10 Thereby, the occurrence of an error resetting process of the 
control signal PRDNC1 is reduced significantly. 

As is shown in Fig. 6, the comparator 96 resets the control 
signal PRDNC1 from the high level signal to the low level signal 

15 only when the differences between 3 consecutive period count 
values PRD and the average value AVGPRD are all less than a 
predetermined critical value. Therefore, after the control 
signal PRDNC1 is set to a high level signal at a time T3 , although 
the differences between the period count values PRD and the 

20 average values AVGPRD are all less than the critical value 
during the time ranging from T3 to T5, the frequency of the 
signal SI is still unstable and the control signal PRDNC1 still 
holds a high level signal. The situation holds until the 
differences between 3 consecutive period count values PRD and 

25 the average value AVGPRD are all less than a predetermined 
critical value at a time T8, and the control signal PRDNC1 
is reset to a low level signal. 

According to the aforementioned preferred embodiment, as 
30 the rotating speed of the spindle motor of the disc drive is 
changing, the average value AVGPRD is changing accordingly. 
However, there are other alternative processes used for the 
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comparator 96 to calculate the average value AVGPRD. For 
instance, when an optical disc rotates with a constant angular 
velocity or a constant linear velocity, the corresponding 
linear velocity of the optical pickup relative to the optical 
5 disc can be calculated based on the rotating speed of the spindle 
motor of the disc drive. In other words, the frequency of the 
wobble signal can be calculated accordingly. For instance, 
if the optical disc is rotating with an IX speed, the frequency 
of the wobble signal can be calculated to be about 817.5KHz. 
10 Consequently, the average value AVGPRD can be calculated based 
on the frequency of the wobble signal and the frequency of 
the reference clock CLK. Please note that all the 
above-mentioned processes to calculate the average values 
AVGPRD are included in the claimed invention. 

15 

As is shown in Fig. 4, although the signal S2 is forwarded 
to both the phase-frequency detector 98 and the 
arithmetic /logic circuit 86, the signal S2 has to go through 
the counter 92 and the comparator 96 so as to generate a control 

20 signal PRDNC1 required by the phase-frequency detector 98. 
In other words, before the control signal PRDNC1 corresponding 
to the signal S2 is generated, there is a time delay caused 
by a counting process of the counter 92, an averaging process 
of the mean operation unit 94, and a comparing process of the 

25 comparator 96. Therefore, the timing for the arithmetic/logic 
circuit 86 to output the control signal PRDNC1 is preceded 
by the timing for the phase-frequency detector 98 to receive 
the signal S2 . That is to say, before the control signal PRDNC1 
having a high level signal is forwarded to the phase-frequency 

30 detector 98 to stop outputting the control signals UP and DN, 
the signal S3 has been driven to be synchronized with the signal 
S2 under frequency-unstable circumstances of the signal S2 . 
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In order to solve the above-mentioned problem, another 
wobble clock generator 80 of the claimed invention with a 
protective mechanism is provided and detailed hereafter. As 
5 aforementioned, according to the well-known specifications 
of the DVD+R optical drive and the DVD+RW optical drive, an 
ADIP unit corresponds to 93 wobble periods and 8 wobble periods 
of them are utilized to record an ADIP sync unit or an ADIP 
data unit by phase modulation. The other 85 wobble periods 

10 are not phase modulated to record any information. The 85 
non-phase-modulated wobble periods enclosed in the 
phase-modulated signal SO are then utilized to generate the 
non-phase-modulated signal S3. Thereafter, a decoding process 
based on an XOR operation is performed on the 

15 non-phase-modulated wobble signal and the phase-modulated 
signal to generate an ADIP. With the aid of the signal S3 
generated by the wobble clock generator 80 of the claimed 
invention, an ADIP can be generated from the corresponding 
8 wobble periods in an ADIP unit . According to the specifications 

20 of the DVD+R optical drive and the DVD+RW optical drive, the 
subsequent 85 wobble periods should be in phase with the signal 
S3. Thereby, if an ADIP is decoded with the aid of the signal 
S3 , the signal S3 is actually the desired wobble clock generated 
by the wobble clock generator 80. As a result, the beginning 

25 timing of the subsequent ADIP unit can be predicted, and the 
timing for the 8 phase-modulated wobble periods to input to 
the phase-locked loop 88 is preceded by the timing for the 
phase-frequency detector 98 to stop outputting the control 
signals UP and DN with a predetermined time interval. 

30 

Please refer to Fig. 7 . Fig. 7 is a functional block diagram 
of an optical disc access system 110 according to another 
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preferred embodiment of the claimed invention. The optical 
disc access system 110 comprises an optical disc 112 , an optical 
pickup 114 , a wobble clock generator 80 , and an ADIP decoder 
116. The optical pickup 114 is able to fetch a phase-modulated 
5 wobble signal , i.e. SO , from the wobble track on the reflecting 
surface of the optical disc 112 . As aforementioned , the wobble 
clock generator 80 is utilized to generate a 
non-phase-modulated wobble signal, i.e. S3, based on the 
phase-modulated signal SO, and an ADIP carried by the signal 

10 SO is decoded with the aid of the signal S3 by the ADIP decoder 
116. In other words, the ADIP can be decoded by performing 
an XOR operation on the signal S3 and the signal SO, and each 
ADIP corresponds to each 93 wobble periods. Since there are 
85 non-phase-modulated wobble periods preceded by the 8 

15 phase-modulated wobble periods, the ADIP decoder 116 is able 
to predict the timing for the input of the first wobble period 
of the signal SO in the decoding process. Furthermore, because 
a phase shift of 180° occurs at the first wobble period, the 
timing for generating the control signal PRDNC1 based on the 

20 signal S2 by the arithmetic /logic circuit 86 shown in Fig. 
4 lags the timing of the input of the first wobble period of 
the signal S2 to the phase-locked loop 88, which causes an 
error process to be performed on the signal S3 as described 
above . 

25 

Therefore, according to the preferred embodiment shown in 
Fig. 7 and Fig. 4, after a plurality of the ADIP units are 
decoded by the ADIP decoder 116 based on the signal S3 generated 
by the phase-locked loop 88, the ADIP decoder 116 is able to 
30 predict the timing for the input of the first wobble period 
corresponding to the next ADIP unit and generates a control 
signal PRDNC2 . The control signal PRDNC2 is forwarded to the 
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phase-frequency detector 98 and functions similar to the 
control signal PRDNC1 to stop outputting the control signals 
UP and DN at a predetermined time before the input of the first 
wobble period corresponding to the next ADIP unit . Furthermore , 
5 in the same way described above, when the differences between 
a plurality of the consecutive period count values PRD and 
the average values AVGPRD are all less than the critical value, 
both the control signals PRDNC1 and PRDNC2 are reset. 

10 Compared to the prior art, the wobble clock generator of 

the claimed invention is capable of avoiding interference from 
a phase-modulated wobble clock by a protective mechanism. 
Furthermore, the circuit design of the wobble clock generator 
is relatively simple and easy to implement, which means the 

15 wobble clock generator is a cost-effective circuit for any 
DVD+R disc drive or DVD+RW disc drive. 

Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made while 
20 retaining the teachings of the invention. Accordingly, the 
above disclosure should be construed as limited only by the 
metes and bounds of the appended claims. 
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